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ERLTECALITY _ 2/1R : SHEET __ | of _ g3
FAILURE HODE AND FATLURE EFFECT

—— [ALSE 4N END ITEM RAYTOMALE FOR ACCERFANCE

Loss of :ill up ar down qelectrieal | 4o Pan-tilt motioa in DESIGM FEATURES

Funciianp, respante bo commands,

pamse ta comnands The heritage for the PTU mechanisms is the designs vsed succeasFully an the Lunar

(1] Worst [asa: Raver equipment an the Apolln 15,. 16, and 17 Missions,

&l Tilt Stepper Drive, Lass of elbow PTY

8 Power Supply ComumandfClgck canlrol prevesds A1V support Peerings in tha ariculh and elewalion dxgs are Conservabively gesigned

Recpivers. stawing ihe RS, when coopared ko the Jaunch lead envirunment,

The design was prepared by a detailed flnite elamenl dnalysis of the structore,
taking inte accaunt Lka derating for the fatigue cpcles represented by 100

mizsiosst. & serieg pf develapmental tests were conducted to varify the anakytical
models for the structura and dejus train anailpses. Reviews were held at preliminary
desigh and critical design review levels ip evaluate the designs ag¥ test daty.

The PTU hat basn used an 24 missions at four bulkhoad locations aad at the RHS 21 bow
location without a failwre in the drive train, axis Fuppark mechanisms, or skructura.

The mounting pravisian from the PIU baste Le the orbiter structure and AHS arm was
analyred for worst-tasa banding ‘oads ssd showad adequale margins.

BARE BOARD DESECH (A2)

The design af the associaled AZ boord is construcied From laminated eopper-

<lad epacy glass sheets [MEMA G-101 Grade FR-4}, PER HIL-PS56124. Circuit
ConMcLions Jre mida through priaded traces which run from Peisl ko point gn the
Eaard surfaces. Every Lrace terminates at an annular riny, The annwlar ring
surrounds Lhe hole ia which » companent Vead or terminal i located. [Fhis i
frovides a fouting for the solder, ensuring goud mechanical and alectrical
perfarwance, 1bs gize and shape aré governed by HIL-P-35A40 aj dre irace widths,
spacing and rouling. These requiremeats are reileraled specifically in drawing
nies Lo furllar ascyre campliance, Variations between 1he artwork masiae and the
final product [due g irregularitias of {he €tcheng process) are alsa cantralled by
drawing notes. Jhis prevents making defective baards from goad artwark, Holes which
heuvse no lead ar LErmindl, but sepve anly e -Ie:tric;I], intercomnact the difforent
board layers, contain stilch bars for mechanical tupport angd iacredsou reliubitiiy.

The thru hotes are dritled from 4 drill Lape thus eliminating the possibilily of
huwraa error and aflaning tight cantenl gvar hsole and annular ring concentricity, an
important reliability crilocian. Alter grilding and etching, Al copper cladding is
tin—lead plated per MIL-510-1495. This pravides For easy ang r!]idbf& saldering at
the time of board asgenbly, even after periods of prolenged ttoraqe.
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ERUITLE CLTW
CRITCLCAL ITEMS LIST

FAILURE MOOE AMD
CAUSE

FATLURE EFFECT
OH EYD [TEH

BATICHALE FOR ACCEFTANCE - -

Loss af kill up or down (etecirical
funcbion}.

(1]

al Tt 3tepper Drive.

&2 Poner Sepply Comands{loch
Keveivers.

Mo Par—ti1L sotion in
raspasse Lo coumaads.

Herst Casg:

Lass of elbow PTi
cankeo] prevents

stowing the kHS.

OESIEN FEATLRES (Conkinuad)
BOARD aS5EHbeY BESION (A2}

Ali components are instatled in a manner which assures max laum reliabidity.
Companent leads are pre—tioned, allowisag bota) wetting of salder Jaiots. AlY Jeads
are Formad te provide stress relief and the bodies of large conponenls are stoked.
Spechal mounting and handbiay instructions are inchoded ia sach drawing requirad
after Final assembly. The board is coated with vrethone which prolects against
homrdidy and conbaninali s _

BOARD FLACEMENT

The 4} AMD AZ board: are secured in ihe electronics assenbly by gold—plated
beryllium copper card guides. Conmections are made w0 Ehe adther buard with
blind-mated conneciars. fisengagement during lavnch is prevesled by a cover
which spans the board's frea edge.

baft BOARD COMBTRUCTION (Al)

The boards are of "welded wirs” conskryctivn, AL Ehe Gare bpard level bhis dees sal
Uistinguish iL drmn 2 ourmal PC board éxcepl that holes which will Lake meld pins
yenerally ara not connected to PC Lraces. Only thase gins which brirng power and
ground potent1als to the ICs are on PEs. An ansular ring surrdunds the hale in the
bosrd where each pawer and gqround pin is localed. [hese pins are then soldered ta
Lhe troce like any obthér componenl lead. A<ide from this Feature, all design

£ canstroction techniques used in P board Tayouk appiy. )

HUARD ASSEHELY (A1)

Ihi: deilbed and etched boardy are gopulated wiilh severa]l hundred solderaole or
weldable ping, Pawer and ground pins, as wall as connector pink, are soloered in
place. Dyscreet compasents (resisbocs, diodes, capacitors) are attached Lo
bilurcated teminals, where they are soldered. Flatpack 105 are welded,
lead-by-lead, 4o the tops of the weld pins. After welBing, extra lead materiab |s
trifned away. Cirtuil conneclions are made wiing A10 AWG nickel wald wiré. The
wire is welded ta Lhe pin surfaces on ihe board backside. A1l wire welds are dane
using a Aaching which is taps drives, whus eliminating Lhe possibility of miswiring
du¢ ta aperator ercor. A1l wiring & circwil perbormance i3 tested prior to
hos-level iaslalladion. Atter successful testing, companeints are skaben as required
by drawing noles and Lhe asszembly i3 coated willh wrebhane.

e board is inserled in Lhe bux on fard-gdge guides, Tn 1he sene manner 33 the other
L Lowrs,
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FALLURE WIE A#Q
CANSE

FAILURE EFFECT
QN FHD 1TEH

RATEOHALE FOR ACCEPTANCE

Ltoss of Lilt wp or dowin (&lectrical
TuncLinn). .

ul 7]

Al Till Stepper Drive,

42  Fower Supply CamoasdClack
keceivers-

Sk

Ho Pam—Lilt mation 1a
respanse bo comsands.

Horst Coses

loas of &lbow PTU
comsirol prevants

stawing Ehe RHS.

QUALIFICATION TEST

For Quallfication Vest flow, see Table 2 Vocated 3 the front of this Laok.
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CRITICALITY 2410

UHET ___ PIU
SHUTTLE CCTY Gwh N 2794022502 50 . 508

CRIVELAL ITEMS LAST
SIEEY __ 4 = OF |

FAILURE HIDE AdD
LAUSE

FALLURE EFFECT
D EWD [TEH

Loss of Libt wp ar dowa [eVectrical
functiond.

£lU

Al Tilt Stepper Drive.

fifé FPower Supply Coneand/Cleck
Recaivers.

Ho Pan-tilt mokian in
résponse ta Cooumdnds.

Worst Case:

loss of etbow PTU
conbrol prevents

stowling the RMS.

RATIOKALE FOE ACCEPTAMCE

ACCEETANCE TEST
The CLTY systems* #TU §5 suh|ectes direcﬂ;. Wilhoul wibration isolarars whick might
be vied in Vhedr pormal inzdallation, 1o the Fellawing Lesiing:
» Yibratian: 20-80Hz : K | dﬂfﬂﬁt—rise From B.01 G2z

H0-350 He; 4.0 G5fHe

F50-750 He: -1 dB/ 1% Oct-slope

Test Duration; | Misuta per Asais

Test Lewal: k.6 Gres

® Thermal Yacumm: In a prassure af J¥[0~3 Tarr, the iemparature shall be as
Fullows;

b5 F: TFime Lo stablize equipment plus 1 howr
25% F: Time b4 stabliza equipment plus b hgor
125° F: Time to stablize eguipment plus 1 houe

The PIU may not have been swbjected to the wacuue condition.

Fur Aceeptance Test Flow, see Table 1 located at the frant of this book,

OPERATIORAL TESTS
T ardET o WEFITy that CCTYV components are pperational, a test must werify the
haalth of &1 bhe comand related components From the PHS [AFAY) panc! switch,
throwgh the BCY, through the sync ‘lines to the Camera/PIU, Lo the Canera/PT) command

decoder. The tast musk also werify the camra's ability to produce viden, the ¥U's
ability to mute video, and the moniter's abllity to display wideo. A similar test

wiuld be performed to verify the HDH comiand path.
Pre-Launch-on Orbhiter Test/In-Flight Test

{MTE: [I[m-Flight testing of the elbow camera/PTU must nob be congucted as 1oy
a5 the crit 141 iterference |s praseat.)

1. Power CCTY Systen.

2. Via the PiS panel. select a vonitor a5 destinabion and the camepa wnder
test a3 saurce.

1. Send "Casera Power On® command From FIS pamel.

4, telact “External Sync® un mapibor. '

3. Observe video dlsplayed on mapiter. HKote Lhdat, 11 video op woniktor is
synchvonlzed [i.2., stabla raster}, then this indicates that Lhe cancra
Is receiving compasite syn- from bhe RCU amnd that the camera 1s produc bag
syrchronl 2ed widen.

6. Send Pan, Tilt, Focus, Zoaom, ALC, and GAMHA compands amd visually {gitker
via the raniter or direct obiervation) werify operation.

7o Select duwndlink as destindt ion awd camere under Cest as Source,
A Ohcoryr viden onfed to down b ink .
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FALLLUAE KODE AMD FATLURE EFFECT

AATICHALE FOR ALCEPTANCE

v oo _[ALEE - fH Erae FitM
Loss of 1ilt vp o dovm [alectrdcal | Ho Pan-Lilt mokion inm
funciion. rasponsd 1o commands,

(i) torst Lasg:

&l 1ilL Stepper Drive. Loss of &lbow PTU

A¢  Parer Supply CoomandsCEochk cantrol prevents
keceivers. stowing the BHS.

112 11K

QA INIEELT TN

Brocurenent Cuntrel - The PTU EEE Parts and hardware tdlens are procured from
appraved vendors and seppaliers, which mezd the requivesents sel Fforth in khe CCTY
codMrack and Quality Plan Wurk §tatement {WS-2593176). Resident OCAS personnel
review all procureseal documents 1o esiahlisik the need For 681 on selected parts
{PAI 517).

Incomiag Ins — Inceming Qual ity inxpeclions are made on a1l
reciéivad malerials ard paric. Besulls arg recarded by Yol and retained in filba by
orawing and conlrgd mwobers For future reference asd Lracesbility, A1l EEE pares
ara subjected ta inconing acceptance tesks as cablad dar in PAL 515 - [ncoming
laspaclion Teit Instructigns. lncaming dlight paris are further processad in
accordanie with RCA 1846684 — Preconditiening and Acceptante Requiremsnk: for
Elaciranic Pacty, with the exception thap DPA aad PINE testing is nat periormed,
Hachanical items are inspected per FAY 316 - Incowming Lespactian Instruciiane For
akchanicab items, PAL 305 — lncoming Qualivy Conmtrul [uspectios Instrocbion, aod
FAl 632 = Pracadure fur Processing Jocoming or Purchased Paris Designavad dar
Flight ¥se. Accepted itens ove delivered ta Halerial Contrelled Stares and revained
under specified condilions unbil Fabrication is reguired. Mon-conforming watérlals
arg hald for Material Rewiew Uoaed (BAB) dispositiun, (PAL 337, PAl 1QC-531),

Boarg Assembly B Tesl - Prior to Lhe siart of FTY board assembly, all items are
verified to be correct by stack raom persoonal, 25 dhe items are accumuliled Ls tarm
a hit, The itews ara verified agarn by the aperalar why assembles the kit b
checking against the as=buill=paris-Tist (AKFLY. OCAS Handatary [nspaction gnint;
are designaled for all printed circuil, wire wrap &ml weloed wire baaras, plus
harpess connectars tor soldering wiring, crimping, salder splices and quality
;orimnnship priar te toating of Lhe conponeat side of buards and sleeving of
ATHESTES.

Specific PIU board assembly and test fmstroctions are provided in deawing nales, and
applicable docunents are colled out in the Fabricetios Pracedure and Kecoed
{FPH-2299022) and paris lisk PL 2294022, These ioclude wivs coansction Lisl 22954901,
Process Standard RTV-S6& 228001, Precess Slandard - Banding eloro Tape 2260449,
Specification Soldaring 2280749, Specification Wawe Plale Application 136067,
Specification — Crimpiag 2280004, Specitication - Bamhing ang Staking 2250078,
Specification - Urathane coawing 2ZABAZY, Specidicativn - lockiag compound 2026116,
Specification Epany Adhesive 2000585, Specification — Harking 2280876, SpechFicatione
Markmanship BO30035, Specification Boading snd Stakiay 2280675,

4 37 R LY | ¥
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’ WIT PIU
SHUTTLE CCTV DG HO. 22946272502 .503.504

CRITICAL TTEHS LLST
SHEET _ 6  OF _B

" FAELURE MODE AND
CAUSE

Llpss of Lilt upg or down (electrical
Tuncliany .

(1]

AL 11l Slepper Drive.

Ad  Povier Supply CommanatClock
Keceivers,

FATLURE EFFECT
Oh EHD LTEH

EATIONALE FOH ACCEFTANCE

Mo Fan-till aotian in
respongs 10 Cownards.

Harsy (asg:

Lass of alkow FTU
camiral pravanls
staming tha RMS.

OAZIHSPECT [N

PTA Aszembly _and Teil— An opea bax test iz perforoed por TP-IF-2204022, and an Acceptange
Test per FP-AT-22040822, incﬁudlng vibrstion and therme]l vacpum. Forgques are specified and
witnaszed, traceability nunbers are recarded and calibrabed tosls amé chéckad priar

Lo uie. ACA Qualily amd DCAS inspzctiens are performed at the <omplekion af

specifiod FPR operalions In accer.ance with PAL-Z04, PAI-205, PAL 206 asd PAT 217,

OLAS periannel witness PIU bultgn-yp snd critical Corquing. ACA and OCLAS persannel
ronitor acceptance tesks and review 1he test datasresults. T(hesa parsonnel alsn

inspect far canfornance after all regiaic, rewurk amd retest.

Preparacjon for Shipeeal - The PTU s packaged accorviog tp CCIV Letter 8011 and

20V, Process ctandard For Paclagiag amd landling guidabines. AV) related
docunentation inckodiag assenbly drawings, Parts Lisl, ABPL, lesi Dela, oic, is

gathered and hald in 3 documentation Foaldar aszigned specifically to each assenhiy. I
This folder 13 relained for refereace. An EIDP 13 prepared Tor &ach PIY in

stcordange wilh the ragquirements of WS-2RA3076. RCL QO and OCAS parscanal wilnaes
crabing, packagiag, packing and marking, asd review the EIF Fur conpletenass and
ALCUrady. '
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FALLURE MODE ARD
CAUSE

FAILURE EFFECT
O EHG [TEH

BATLOMALE FOR ACCEFFANCE

Lass of Lilt up #¢ down (electrical
luncliany.

o I

Al Tilk Stepper Drive.

&2 Power Supply Cosmend/Clock
RaLeivers.

4R

Ko Pan-tili motion in
responte Lo comngnds.

Worst Case:

Loss of albuw PTU
contrel prevenis

skowing Ltha RHS.
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CRITICALITY _2f00
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CAITICAL ITEMS LIST —
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T FAILURE #0OC AND
CAUsE

FAJLURE EFFELT
OM EHD TTEM

BATIOMALE FOR ACCEPTANCE

Loys of Lilt wp ar down [electrical
'Iu.n:l:tiunj._

Ely
a1 ol 3tepper Drive.
e Power Sapply CommandfClack

kKaceivers.

o Pan-tlt mation in
ceipante to commands.

Horgl Lase:

Loss af &lbow PTU
contral pravents

slowing the HHS,

Y

OFERATIONAL EFFECTS

Logs of ability ta positien the albow tamera. Passible inability €o stow the RHS |
the elbow cavera physically faterferes with a payload. [f B canant be sbowed bhe
pori payioad bay door cannst ba closed. Lozs of crew and vehicle,

CEEW ACTIONS

Perform EVA Lo reposition the elbow camera, wse BHS motion to repasilion the camera,
ur jetkison the RHS

LREN TRAIHING

Lrew should be irained in canbingecy EVA and RM5 operakions procedures,

HASEILH COMSTRATHT

Da not waaifesl elbow camera for asy [light where the payload ant Lhe elbow cakera

can interfere with gath ather (for any pan or Lilt angle). If iha canera musi be
flown da not change the camera position until the Interfering payteat §s deployed. !



